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( 3 cm ) quantitativechartsof the elements are obtained by selective qbsorption near an edge. W e expose here present performances and future developments of the method : f i e l d and spatial resolution! sensitivity and corrective factors.
Microanalytical study of objects with complex structures requires both a large f i e l d and a high spatial resolution. In t h i s paper, we examine how these two opposite qualities can be obtained by X-ray differential absorption near an edge and contact imaging.
I -PRINCIPLES 1 -1. ~hnmlcal-analrsls-~.)!~X1r~r~abs_1!retI1!!-near-an-eE!~e-i1~2~
The transmittance of a sample i s measured with a monochromatic X-ray illumination. The beam i s successively tuned on each side of an absorption edge of a given element. The concentration C of the analyzed element i s given by :
where ( u / p ) An area o f i n t e r e s t i s v i s u a l l y selected on enlarged p r i n t s . The o r i g i n a l p l a t e s are scanned w i t h a microdensitometer. The a n a l y t i c a l signal ,given by Eq. (1) ( 2 ) ) . The r e s u l t i s a numeric a r r a y which i s displayed as an image i n grey l e v e l s . Figure 1. shows 3 a n a l y t i c a l charts o f Mn, Fe and N i i n a 30 um-thick p o l y m e t a l l i c nodule section. White areas correspond t o higher concentrations o f the analyzed element. Large f i e l d c o r r e l a t i o n s between the concentrations zones o f t h e elements appear c l e a r l y on these pictures. It would be r a t h e r d i f f i c u l t t o o b t a i n such images w i t h a microprobe : a l a r g e f i e l d method i s h i g h l y i n t e r e s t i n g t o study objectswith complex s t r u c t u r e s l i k e p o l y m e t a l l i c nodules.
quantltatjye-output-~-~i_s_~u_s_s_~o~
The sample shown on Figure 1 . has a l s o been analyzed w i t h a S.E.M. The systematic under evaluation o f our r e s u l t s can be explained by d i f f e r e n t f a c t o r s :
non s e l e c t i v e d e t e c t o r l i k e the photographic p l a t e records also a f l u o r e scent s i g n a l which i s a d d i t i v e t o t h e absorption signal. Analysis shows t h a t the c o n t r a s t between the two images i s reduced.
x the channel-cut monochromator tuned on wavelength a l s o d e l i v e r s the harmonics 112, A/3 ... These high energy components o f the beam are n o t a f f e c t e d by the presence o f the absorption edge. Thus, another a d d i t i v e s i g n a l i s recorded on each image. This phenomenon y i e l d s another reduction o f the d i f f e r e n c e s between the two images, m o s t l y w i t h t h i c k samples. L e t us f i n a l l y mention t h a t the Dresence o f monocrystals i n the sample can b r i n g topographic e f f e c t s i n the contact images. This has never been observed w i t h the nodule samples (Fig. 1.) which are amorphous.
I11 -PRESENT PREFORMANCES AND IMPROVEMENTS
3.1.
Zpcitjal-resolution
High r e s o l u t i o n p l a t e s y i e l d 1 vm r e s o l u t i o n , b u t the f i n a l p i x e l s i z e i s determined by the smallest a v a i l a b l e microdensitometer s l i t , i .e 5 x 5 pm2.
I t must be emphasized t h a t the photographic p l a t e remains one o f t h e o n l y X-ray images detector w i t h good s p a t i a l r e s o l u t i o n and q u a n t i t a t i v e output.
With the new photoelectron s o f t X-ray microscope I41, we hope t o get a -1 urn r e s o l u t i o n and q u a n t i t a t i v e s images.
3.2.
%nsjti"ty To improve s e n s i t i v i t y , we are developping a non saturating s c i n t i l l a t i o n image detector. Our aim i s t o get 10 vm r e s o l u t i o n w i t h counting output.
CONCLUSION
New synchrotron sources such as ondulators w i l l d e l i v e r 10 to100 times more photons than the f i r s t synchrotron sources. These very intense beams w i l l o f f e r the possibil i t y o f X-ray imaging microanalysis w i t h very s h o r t exposures. One must chose between two complementary t o o l s : X-ray absorption, and fluorescence. According t o J. KIRZ C51, X-ray absorption i s b e t t e r i n the s o f t X-ray r e q i o n w h i l e fluorescence i s more s e n s i t i v e i n the 1 -3 A region.
X-ray absorption w i t h contact imaging o f f e r s high q u a l i t y images ; on the other hand fluorescence analysis can be more s e n s i t i v e 161, b u t image r e c o n s t r u c t i o n needs a scanning microscope. A t present, there i s no a v a i l a b l e microscope o f t h i s k i n d w i t h a few vm r e s o l u t i o n ( a p a r t from a pionneer work o f HOROWITZ and HOWELL {73), A l l the p r o j e c t s o f scanning X-ray microscopes include an X-ray focussing o p t i c s , and t h e r e f o r e w i l l be l i m i t e d t o t h e s o f t X-ray region. I n the hard X-ray domain, contact imaging remains the simplest method. W e have shown t h a t q u a n t i t a t i v e a n a l y t i c a l images can be obtained w i t h a photogrtphic detection. We t h i n k t h a t the next years w i l l b r i n g important improvements o f X-ray images detectors and t h e r e f o r e X-ray absorption microanalysis w i l l be more e f f i c i e n t .
